
COMPLEMENT FIXATION IN PERTUSSIS

MIRIAM OLMSTEAD, A.M., and PAUL LUTTINGER, M.D.
NEW YORK

Since Bordet and Gengou in 19061 announced the discovery of the
etiological cause of whooping cough, basing their claim mainly on the
complement fixation reactions given by the serum of whooping cough
convalescents, complement fixation has been studied by many serol-
ogists both from an etiological and from a diagnostic standpoint.

Bordet and Gengou used as antigen a saline emulsion of a culture
of the Bordet-Gengou bacillus on solid medium. Four hours at room

temperature were allowed for fixation, and readings were made the
following day. In later publications2 the constancy of a positive com-

plement fixation reaction among convalescents is reaffirmed, but no

figures are given. The work of Bordet and Gengou has been con-
firmed more or less completely by some investigators and by others
their claim has been declared invalid. Meier3 found the serum of
pertussis patients to react with an extract of the lung tissue of patients
dying of pertussis. Arnheim4 using an antigen of the Bordet-Gengou
bacillus, obtained positive reactions in six out of twelve cases and
thought imperfect technic might account for the lack of a positive
reaction in the other cases. In a later publication5 he stated that
these twelve cases were tested again and also three others, and that
by making the readings immediately instead of on the following day,
as before, he obtained a positive reaction in twelve of the fifteen. The
antigen consisted of an equeous emulsion heated at 58 to 60 C. for
one hour, shaken on the following day for three hours and centrifuged.
Fraenkel6 tested the serum of five pertussis convalescents against an

antigen of the Bordet-Gengou bacillus and obtained a positive reaction
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68 THE ARCHIVES OF INTERNAL MEDICINE

in only one, though his technic was apparently the same as Bordet's.
Seiffert7 mentions a positive complement fixation reaction given by one
case of whooping cough, against an antigen of the Bordet-Gengou
bacillus. Klimenko8 has reported one case, convalescent three weeks,
that gave a positive reaction with a Bordet-Gengou antigen. Woll-
stein9 tested the serum from nine patients, in the first to the ninth
week of the disease, against antigens of the Bordet-Gengou bacillus
and the influenza bacillus, and all results were negative. She used as

antigens salt solution suspensions of the Bordet-Gengou bacillus pre¬
pared according to the method of Bordet and Gengou, extracts of the
bacilli, made by suspending the growth of three blood-agar slants in
5 c.c. of salt solution and shaking twenty-four hours in the thermostat,
and extracts from the lungs of a case that came to necropsy, prepared
according to the method of Wassermann and Meier. Menschikoff10
reported positive results with the serum of two pertussis convalescents,
using antigens of the Bordet-Gengou bacillus. Later Baecher and
Menschikoff11 found the serums of whooping cough cases examined in
the first to the sixth week of the paroxysmal stage, to have no comple¬
ment fixation power; but positive reactions were obtained with the
serums of cases repeatedly vaccinated. Four hours at room tempera¬
ture were considered necessary for the fixation of complement. The
antigen used was a saline emulsion of Bordet-Gengou bacilli. Twenty-
one treated cases were tested, nine of which gave a positive reaction.
Finizio12 tested the serum of eight convalescents and obtained six posi¬
tive reactions with an antigen of the Bordet-Gengou bacillus. Poleff13
tested two cases in a late stage of whooping cough, using as antigen a

saline suspension of two strains of the Bordet-Gengou bacillus ; and the
results were negative. Imai14 in testing the blood of convalescents by
complement fixation confirmed the results of Bordet and Gengou.

7. Seiffert, G.: Ueber den Bordetschen Keuchhustenbazillus, M\l=u"\nchen.med.
Wchnschr., 1909, lvi, 131.

8. Klimenko, W. N.: Die Aetiologie des Keuchhustens, Centralbl. f. Bak-
teriol., orig., 1909, xlviii, 64.

9. Wollstein, M.: The Bordet-Gengou Bacillus of Pertussis, Jour. Exper.
Med., 1909, xi, 41.

10. Menschikoff, W.: Ueber den Erreger des Keuchhustens, Russk. Vrach.,
1909, p. 1044.

11. Baecher and Menschikoff: Ueber die Aetiologische Bedeutung des Bordet-
schen Keuchhustenbacillus und den Versuch einer spezifischen Therapie, Cent-
ralbl. f. Bakteriol., orig., 1911, lxi, 218.

12. Finizio, G.: Der Bordet-Gengousche Bacillus in der Aetiologie des
Keuchhusten, Ztschr. f. Kinderh., orig., 1911, iii, 121.

13. Poleff, L.: Ueber den Bordet-Gengouschen Keuchhustenbacillus, Centralbl.
f. Bakteriol., orig., 1913, lxix, 23.

14. Shiga, Imai and Eguchi: Eine Modification von Bordet-Gengous Nahr-
boden f\l=u"\rdie Keuchhustenbacillen nebst einigen Ergebnissen in serologischer
Beziehung, Centralbl. f. Bakteriol., orig., 1913 lxix, 104.
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Bordet and Gengou15 in 1911 called attention to the value of com¬

plement fixation in diagnosing cases of pertussis without a whoop or

other typical symptom and mentioned one such case, an adult.
Gengou and Brunard16 had previously reported positive complement
fixation reactions with the serum of three adults who had been cough¬
ing for two months and who undoubtedly had whooping cough. Del-
court17 had likewise demonstrated the diagnostic value of complement
fixation by obtaining positive reactions in seven doubtful cases of per¬
tussis. Netter and Weil,18 working with the Bordet-Gengou bacillus,
found complement fixing substances to develop too late to be of service
in the diagnosis of whooping cough in normal cases. With one excep¬
tion (a child that had been whooping six days) they obtained no posi¬
tive reactions even by the use of active serum earlier than the second
week of the whoop. During the second week active serum was found
to give more positive reactions than inactive. After the fifteenth day
all sixteen cases tested reacted positively, whether active or inactive
serum was used. In regard to the duration of the complement fixation
reaction, Weil19 claimed that a positive reaction was always given
within three months of cure and might be given thirteen years after
cure. He based this statement on a study of nine patients who had
been cured for from two months to thirteen years. Weil suggests that
other diseases, for example, measles, may have an effect on the com¬

plement fixation reaction in pertussis. Of three cases of measles that
had been whooping three to five weeks, he found two to give a nega¬
tive complement fixation reaction with a Bordet-Gengou antigen and
the other one to give only a weakly positive reaction. Friedlander and
Wagner20 have reported positive complement fixation results in all
stages of pertussis, including the early catarrhal, and consider the test
of great diagnostic value. Their antigen is a saline emulsion of a

seventy-two hour growth of the Bordet-Gengou bacillus on ascitic fluid
agar. They have used active serum. A water bath at 37 C. was used
for fixation and incubation and readings were made within an hour
after the addition of cells and amboceptor. Friedlander and Wagner

15. Bordet and Gengou : Le diagnostic de la coqueluche fruste par la methode
de la fixation d'alexine, Centralbl. f. Bakteriol., orig., 1911, lviii, 573.

16. Gengou and Brunard: Apropos du diagnostic de la coqueluche chez
l'adulte, Bull. de l'Acad. Roy. de m\l=e'\d.de Belgique, 1910, xxiv, 329.

17. Delcourt : Diagnostic de la coqueluche fruste par la R\l=e'\actionde Bordet-
Gengou, Arch. de m\l=e'\d.d. enfants, 1911, xiv, 30.

18. Netter and Weil : La d\l=e'\viationducompl\l=e'\ment par le bacille de Bordet-
Gengou dans la coqueluche, Comp. rend. Soc. de biol., 1913, lxxiv, 236.

19. Weil, M.: La d\l=e'\viationdu compl\l=e'\mentvis-\l=a'\-visdu bacille de Bordet-
Gengou dans la coqueluche, Compt. rend. Soc. de biol., 1913, lxxiv, 260.

20. Friedlander and Wagner : Diagnosis of Whooping Cough by the Com-
plement-Deviation Test, Jour. Am. Med. Assn., 1914, lxii, 1008; Am. Jour. Dis.
Child., 1914, viii, 134.
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MIRIAM OLMSTEAD—PAUL LUTTINGER 71

obtained a positive complement fixation test in all eighteen cases tested
in the paroxysmal stage. Of twelve cases in the catarrhal stage, from
one to five weeks before the appearance of the whoop, eleven gave
positive reactions. One case of doubtful pertussis gave a positive reac¬
tion. Sixteen normal individuals were negative.

The Bordet-Gengou bacillus is not the only one that has been found
to give a positive complement fixation reaction with the serum of per¬
tussis cases. Manicatide,21 who claims to have discovered in Bacillus
 the etiological factor in pertussis, has found the serum of nineteen
whooping cough cases to give a positive complement fixation reaction
with an antigen of Bacillus Z. Negative reactions were given by six
normals.

The variation in the results of different workers may be explained
partly by differences in technic, such as, method of preparing antigen,
amount of antigen used in test, amount of serum used in test, use of
active or. inactive serum, time and temperature allowed for fixation,
interval between the addition of sensitized cells and the reading of
results, method of reading reactions, partly by a difference in the
interval between taking and testing the blood specimens, and partly by
the small number of cases tested. An explanation of some discrepan¬
cies is still to be found. It is difficult to reconcile Manicatide's findings
with those of Bordet and his followers.

The objects of our investigation were to test the validity of the
claim for the etiological relationship of the Bordet-Gengou bacillus to

whooping cough and to determine the diagnostic value of complement
fixation in this disease. Various strains of the Bordet-Gengou bacil¬
lus, of atypical Bordet-Gengou bacilli and of hemoglobinophilic bacilli
have been classified according to their complement fixation reactions
by elaborate cross titrations of immune rabbit serum and this work is
soon to be described in another article.

The strains22 used for antigens in the tests with human serum are

described in Table 1. The typical Bordet-Gengou bacilli may, accord¬
ing to their reactions with immune rabbit serum, be considered prac¬
tically identical, closely related to the hemoglobinophilic bacilli but
distinct from them. The atypical Bordet-Gengou bacilli are (with the
exception of C) more or less closely related to each other and to the
typical Bordet-Gengou bacillus. The hemoglobinophilic strains are

more or less closely related to each other.

21. Manicatide: Der Komplementbindungsvorgang bei Keuchhusten, Ztschr.
f. Kinderh., 1913, vii, 226.

22. Most of the strains were isolated by Dr. A. W. Williams and Miss M. A.
Wilson and the morphological and cultural identification was made by them.
(Williams, A. W.: The Etiology of Pertussis, Arch. Pediat., 1914, xxxi, 567.)
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74 THE ARCHIVES OF INTERNAL MEDICINE

Antigens have been prepared by Dr. O. Povitzky as follows : For the four
atypical Bordet-Gengou strains, which grow on plain veal agar, Dr. McNeil's
method of preparing gonococcus antigen has been successfully employed.
Twenty-four hour cultures on salt free veal agar are washed off with sterile
neutral distilled water, the emulsion is heated in a water bath at 56 C. for three
hours, and at 80 C. for one hour and filtered through a Berkefeld filter. Influ¬
enza antigens are prepared from a twenty-four to forty-eight hour growth on

1 to 500 blood veal agar, washed off with sterile neutral distilled water, shaken
for two to four hours, left in a thermostat at 56 C. for about eighteen hours
and centrifuged or filtered through a Berkefeld filter. Antigens are prepared
from the typical Bordet-Gengou strains in the same manner except that Bordet-
Gengou potato-blood-agar medium is used and the growth, instead of being
washed off, is scraped off with a platinum spud and deposited in the distilled
water, in order to avoid extraction from the medium of substances that would
render the antigen anticomplementary and nonspecific.

Inaba's23 antigen, prepared by emulsifying three loops of a forty-
eight hour culture in 5 c.c. of physiological salt solution, shaking one

to two hours for two days and centrifuging, has been tried but has
proved to be no more satisfactory than our antigens ; that is, no more

specific and of no more value in reacting with the serum of pertussis
cases. The antigen described by Friedlander and Wagner,24 a saline
emulsion of a seventy-two hour growth on ascitic agar, has also been
tried. The tests on whooping cough cases have been too few to be
conclusive, but thus far this antigen has given no more positive reac¬

tions than ours and has seemed to be less specific. It has given strong
-j- (doubtful) reactions with serums from normal adults, and it has
cross-fixed with the serums of rabbits immunized against atypical
Bordet-Gengou strains and influenza strains. Furthermore, it has the
disadvantages of all live culture antigens : it must be fresh and it must
be standardized immediately before use.

Antigens are standardized at the temperature to be used for tests by deter¬
mining the antigen unit with a homologous immune serum and the anticom¬
plementary dose of the antigen. For tests one-quarter the anticomplementary
dose is chosen, provided that amount gives complete inhibition with the
homologous serum; and the antigen is diluted so that 0.1 c.c. contains the desired
amount. Best results, strongest and most specific, are obtained with an antigen
of long range. An antigen of short range has occasionally been used in an
amount greater than one-quarter the anticomplementary dose, but the results
are likely to be unsatisfactory.

For a hemolytic system we have used sheep cells in a 5 per cent, suspension,
rabbit amboceptor and guinea-pig complement in a 10 per cent, dilution. The
system is carefully standardized daily by means of an amboceptor titration and
for tests between two and three units of amboceptor are employed. The eryth-
rocyte suspension is sensitized before use. The size of the test is one-tenth
that of the classical Wassermann, 0.5 c.c. instead of 5 c.c.

23. Inaba, I.: Ueber den Bordet-Gengouschen Keuchhustenbacillus, Ztschr.
f. Kinderh., 1912, iv, 252.

24. Friedlander and Wagner : Diagnosis of Whooping Cough by the Comple-
ment-Deviation Test., Am. Jour. Dis. Child., 1914, viii, 134.
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The patient's serum is tested in two amounts, 0.02 c.c. and 0.01 c.c. and the
anticomplementary property of the serum is determined by 0.04 c.c. and 0.02
c.c. controls. All specimens have been tested inactive and a few comparative
tests have been made with active serum.

For fixation a water bath or incubator at 37 C. has been used for some
tests on all specimens, and the results of these tests only are given in the
accompanying tables. A few comparative tests have been made at room tem¬
perature for four hours and at ice-box temperature for four hours. For the
second incubation, the water bath is invariably used and the tests are read as
soon as the controls, double the amount of antigen used with the serum and
double the maximum amount of serum used, are completely hemolyzed. Citron's25
standard of 'readings is followed and only those tests are considered positive
in which 0.02 c.c. of serum gives complete inhibition of hemolysis.

Tests have been made on specimens of serum from one hundred
eleven pertussis cases or suspected pertussis cases (Table 5). Nineteen
of these specimens were received when no Bordet-Gengou antigens
were on hand and so were tested against atypical Bordet-Gengou
strains and hemoglobinophilic strains only. With these antigens no

serum, inactive, gave a positive reaction. Of eleven specimens tested
active, three gave a positive reaction with strain C and one with strain
BL,

Tables 2, 3 and 4 contain the results of tests by water bath or

incubator fixation on the inactivated serum of the ninety-two speci¬
mens that were tested against Bordet-Gengou antigens. The speci¬
mens are divided into three groups, namely, those from unvaccinated
cases of pertussis (Table 2), those from vaccinated cases of pertussis
(Table 3), and those from prophylactic cases, i. e., cases that
received vaccine before or after exposure to whooping cough and that
did not develop a whoop (Table 4). Forty-eight unvaccinated cases

were tested, thirty-two in the first to the seventeenth week of the
paroxysmal stage and sixteen in the first to the twenty-first week of
convalescence. Twelve of the whooping cases gave a positive reaction
with at least one Bordet-Gengou antigen, a percentage of 37.5 ; and
two of the convalescents gave a positive reaction, a percentage of 12.5.
The earliest case tested had been whooping two days. The earliest case
that gave a positive reaction had been whooping five days. The total
number of vaccinated cases tested was thirty-two, six in the fourth
to the seventh week of the paroxysmal stage and twenty-six in the
first to the twelfth week of convalescence. Three of the whooping
cases gave a positive reaction with at least one Bordet-Gengou antigen,
a percentage of 50, and fifteen of the convalescent cases, a percentage
of 57.7. The highest percentage of positives among unvaccinated cases
has been obtained in the paroxysmal stage, among vaccinated cases

the highest percentage occurred after the cessation of the whoop. The
number of cases is insufficient, however, to establish this as a rule.

25. Citron : Immunity. Translated by Garbart., 1914, p. 184.
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78 THE ARCHIVES OF INTERNAL MEDICINE

The fact that the convalescent vaccinated cases were tested within
the first three months of convalescence and most of the convalescent
unvaccinated later, should be taken into consideration in comparing the
two series (Table 6).

Two unvaccinated cases (7 and 14) were tested at two different
times. The serum of Case 7 was on both occasions positive with the
Bordet-Gengou antigen P. D. Case 14 gave a ± reaction the first
time, a -|—|—\- reaction the second. This probably does not indicate a

development of complement fixing substances between the first and
the second bleedings, in the fifth and the seventh week, respectively, of
the paroxysmal stage, but is due to the fact that the first specimen was

not tested promptly and had lost antibody content when the test was
made. This is the only specimen that, inactive, gave a positive reaction
with antigen C ; forty-seven were tested. The second specimen of Case
14 (14 b) gave a positive reaction with Antigen 1 ; only one other speci¬
men (110) out of twenty-nine tested against Antigen 1 gave a positive
reaction with this strain. Cases 7 b and 14 b were the only specimens
out of nine to give a positive reaction with the hemoglobinophilic
strain 35. Case 14 b also gave a positive reaction with BI2, which
appears to be less closely related than any other hemoglobinophilic
strain studied to the Bordet-Gengou bacillus ; tests on thirty-five other
specimens from pertussis cases were negative or doubtful. Whether
these reactions of 7 and 14 were nonspecific, due to undeveloped
technic, or the poor antigens with which the work was begun, or

whether they were due to a mixed infection in the cases, is not known.
All tests with antigens 31, 10, 33, 37, 747 and  have been negative or

doubtful. The positive reactions given by antigen 87 are of special
interest, as this strain was obtained from the sputum of a pertussis
case. Of twenty-seven specimens tested against this strain, five (18.5
per cent.) have given positive reactions, and one of these (43) also
gave a positive reaction with the Bordet-Gengou strain 55. The total
number of specimens tested against antigens of hemoglobinophilic
strains is sixty ; the total number giving a positive reaction is six.

There is a marked lack of uniformity among the reactions given by
different Bordet-Gengou strains with the same serum. This may be
partly due to an inherent difference in the strains that has not been
apparent in the cross-titrations ; this point is to be investigated later.
One reason is a difference in the range of the antigens ; the longer the
range of an antigen, the more likely it is to give the maximum number
of specific fixations. Another reason for the lack of uniformity, unfor¬
tunately only recently observed, is the unstability of an antigen after
the addition of the salt. The aqueous extract antigens that have been
used are stable for many months, but after being made isotonic they
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80 THE ARCHIVES OF INTERNAL MEDICINE

lose fixing power and cannot be depended on for more than two or
three days. This fact undoubtedly accounts for some of the negative
and doubtful reactions among convalescent cases and those late in the
paroxysmal stage. Some serologists would probably consider positive
many of the + reactions, those in which there is only slight hemolysis
in the tube containing 0.02 c.c. of serum. Many of these reactions
undoubtedly are specific ; but inasmuch as a reaction of the same

strength may be given by an antigen of a closely allied organism that
is not the infecting agent, it seems wise to hold to the rule of calling
only -|—(-, -|—|—|- and -|—|—|—f- reactions positive. Only cases of per¬
tussis have given -|—|-, -|—|—|- and -|—\--\—(- reactions. The presence
of natural antisheep amboceptor in the patients' serum has not been
taken into consideration and may account for some doubtful and nega¬
tive reactions.

TABLE 5.—Summary of Complement Fixation Reactions Among 111 Cases
of Pertussis Including Twelve Doubtful Cases Designated

as Prophylactic

Number cases tested. Ill

Cases not tested against Bordet-Gengou antigens. 19

Cases tested against Bordet-Gengou antigens. 92

1. Vaccinated cases ot pertussis.. 32

Vaccinated cases whooping. 6

Vaccinated cases convalescent. 26

2. Not vaccinated cases oi pertussis. 48

Not vaccinated cases whooping. 32

Not vaccinated cases convalescent. 16

3. Doubtful cases oi pertussis—vaccinated. 12

Number
Positive

15

14

12

2

1

Percentage
Positive

35.9

56.2

50.0

57.7

28.2

37.5

12.3

Complicating infections, such as measles and scarlet fever, may,
as suggested by Weil,19 cause a weakening of the complement fixation
reaction for whooping cough. We have tested only four cases suffer¬
ing from both measles and pertussis. The four all gave negative reac¬

tions with antigen P. D., but as they had been whooping only two, four,
eleven and fifteen days, respectively, this result was not to be won¬

dered at. The three scarlet fever cases had been whooping one, five
and six weeks, respectively, and the second gave a positive reaction
with antigen 81. Owing to the low percentage of positive reactions
among cases of pertussis without complications, these tests prove
nothing as to the effect of other infections on the antibodies of the
Bordet-Gengou bacillus.
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Among sixty-seven specimens of serum from normals or from
patients suffering from some disease other than pertussis (chiefly syph¬
ilis or gonococcus infection), no positive reaction has been given by
inactive serum with a Bordet-Gengou or an atypical Bordet-Gengou
antigen. Tests with influenza antigens have also been negative, with
the exception of two positive reactions with BI2 and one with 87. As
an influenza infection in these three individuals prior to the taking of
the blood specimens could not be excluded, there was no proof of the
nonspecificity of the reactions.

TABLE 6.—Complement Fixation Reactions Amonc Sixteen Unvaccinated
and Twenty-Six Vaccinated Convalescent Cases of Pertussis *

Weeks of
Convalescence

Not Vaccinated
(16 Oases)

Vaccinated
(26 Cases)

1..

2..

3..

4.

5..

6.

7.

8.

11.

12.

IS.

15.

16.

17.

18.

20. +

+ +
·

+ +

+

+

+ +

+ +

+ +

+

+

* Each + symbol denotes one case having positive reaction. Each — symbol denotes one
case not having positive reaction.

Total not vaccinated = positive 2 or 12.5 per cent. +-)-
Total vaccinated = positive 15 or 57.7 per cent. + + + + + + + + + + + + + + -I-

That the administration of vaccine has an effect on the complement
fixation reaction of pertussis cases seems indisputable, but it is doubt¬
ful if complement fixing substances would develop in the serum as the
result of vaccine alone. Among the twelve vaccinated children that
did not develop typical whooping cough (Table 4), the serum of one

only, who had coughed for two weeks, gave a positive complement
fixation reaction with two Bordet-Gengou antigens (a percentage of
8.3) and this was probably a case of whooping cough running a short
atypical course. Two normal adults, inoculated with large doses of
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vaccine (Table 7), at no time gave a positive complement fixation reac¬

tion when inactive serum was used. Before the first inoculation a

positive reaction was given by the active serum of O., who had had
pertussis twenty-one years before, with antigens P. D., 10 and BI2.
The active serum of L., who never had had pertussis, gave a positive
reaction after the sixth injection with antigen  but several months
before this experiment was performed his active serum gave a positive
reaction with antigen C.

TABLE 8.—Results of Seventy-Seven Comparative Complement Fixation
Tests with the Active and Inactive Serum of Thirty

Specimens from Cases of Pertussis

Antigens
Number oí
Specimens

Tested

Number of Specimens Giving
Positive Reaction

Serum Inactive Serum Active

P.D.
C.
I.

31.

10.

87.

  2.
Gonococcus..

10

22

9

12

1

1

16

a

These tests on the serum of normal adults demonstrate the danger
of making false diagnoses by using active serum. In determining the
etiology of pertussis, active serum is of little value. We have tested
thirty specimens from pertussis cases, active as well as inactive, some

with several antigens, so that seventy-seven comparative tests have
been made (Table 8). Of ten tests with P. D. two more positives were
obtained with active serum. Of twenty-two tests with C. three more

positives were obtained with active serum. Of sixteen tests with BI2,
positives were obtained with active serum only, three in number. Five
specimens from whooping cough cases with no history of gonococcus
infection gave a positive reaction with a specific gonococcus antigen
when tested active ; the inactivated serum reacted negatively or doubt¬
fully. Most of the specimens of active serum used as negative controls
in the pertussis tests gave negative or doubtful reactions with antigens
of the Bordet-Gengou bacillus, but even an occasional false positive is
sufficient to destroy the diagnostic value of the test. A negative reac¬

tion given by active serum is stronger evidence of the lack of a

specific infection than is a negative reaction given by inactive serum;
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but a positive reaction given by active serum is, in our experience, no

proof of the presence of a specific infection.
The tests made at room temperature for four hours and at ice-box

temperature for four hours have been too few to warrant the drawing
of conclusions concerning the value of either method as compared with
water bath or incubator fixation; but they are sufficient to show that
not all convalescent cases of whooping cough give a positive reaction
even when four hours are allowed for fixation. Eighteen specimens
(eight vaccinated convalescents, nine unvaccinated convalescents and
one vaccinated doubtful case) were tested against Bordet-Gengou
antigens by both water bath and room temperature methods and four
more positives (22.2 per cent.) were obtained by the latter method.
Two of these were among vaccinated convalescents, one was an

untreated convalescent and the fourth was a prophylactic case. Five
vaccinated convalescents gave positive reactions by both methods ; one
vaccinated convalescent was negative by both; eight untreated con¬

valescents were negative or doubtful in both. Other tests were made
that could not be read at all, owing to the anticomplementary action
of the antigens. When the temperature of the room is so variable that
a standardization of the antigen is no guide to the amount of antigen
to be used in the test, this method is not of practical value. We have
not tested enough negative controls by the room temperature method
to be certain of the specificity of the reaction. Experience in the diag¬
nosis of other infectious diseases by means of complement fixation
led us to suppose that constant and reliable results would be obtained
by ice-box fixation and a higher percentage of positives than by water
bath or incubator fixation. The number of tests made is insufficient to
establish this. Thirteen specimens have been tested against Bordet-
Gengou antigens, allowing four hours for fixation. Only two more

positives (15.4 per cent.) were obtained by this method than by water
bath fixation. One was in the case of a vaccinated convalescent, the
other an untreated convalescent. One specimen ga\re a positive reac¬

tion by both methods. Of the nine specimens that gave a negative"
or doubtful reaction by both methods one was from a vaccinated
whooping case, one from a vaccinated convalescent and the other seven

from untreated cases still whooping. A longer period than four hours
would probably give equally specific results and more positive reac¬

tions.
As our technic improved the percentage of positive reactions given

by the serum of pertussis cases has increased, but even among per¬
tussis convalescents the number of positive reactions is still far below
100 per cent. Even though the power of fixing complement with
antigens of the Bordet-Gengou bacillus is not constantly present in the
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serum of these cases, the frequency of a positive reaction is so great
as to be presumptive evidence of the etiological relationship of the
Bordet-Gengou bacillus to whooping cough.

SUMMARY

1. The most reliable antigen for complement fixation tests in
whooping cough is obtained by autolyzing an aqueous emulsion of a

twenty-four to forty-eight hour growth of the Bordet-Gengou bacillus
for eighteen to twenty-four hours at 56 C. and shaking for several
hours. The closeness of relationship of the Bordet-Gengou strains is
still under investigation. To obtain the maximum number of positive
reactions it may be necessary to use a polyvalent antigen.

2. Active serum may give non-specific positive reactions. A nega¬
tive reaction given by active serum is stronger evidence of the lack of
an infection than is a negative reaction given by inactive serum.

3. For fixation one-half hour in the water bath or one hour in the
incubator is absolutely reliable. Ice-box fixation probably gives relia¬
ble results ; the optimum period is still to be determined. Fixation at
room temperature for four hours is unsatisfactory, at least in rooms

with variable temperature.
4. About 40 per cent, of whooping cough cases have given a posi¬

tive reaction with antigens of the Bordet-Gengou bacillus, when
inactive serum was used. The highest percentage of positives is given
by convalescent vaccinated cases. Ten per cent, of whooping cough
cases have given a positive reaction with antigens of hemoglobinophilic
strains.

5. A -\—[-, -|—|—f-, or -\—|—|—\- reaction by inactive serum with an

antigen of the Bordet-Gengou bacillus is diagnostic of whooping cough,
a + or ± reaction is suspicious, a negative reaction has little signifi¬
cance.

CONCLUSIONS

Complement fixation tests on serum from one hundred eleven
cases of pertussis or suspected pertussis support the theory that the
Bordet-Gengou bacillus is the etiological factor in the disease. The
complement fixation test may be of value in the diagnosis of doubtful
cases of pertussis.

40 East Sixteenth Street.
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